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(57) A mobile radio telephone receives information 
concerning a telephone calling charge from a base sta- 
tion, and calculates a telephone call charge based on 
the received information. The mobile radio telephone al- 
so stores a predetermined threshold charge indicating 



start of charge notification, and performs charge notifi- 
cation if the calculated telephone call charge is equal to 
or exceeds the predetermined threshold charge. The 
mobile radio telephone may decide that the charge no- 
tification is performed or not. 
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Description 

The present invention relates to a mobile radio tel- 
ephone, and more particularly to a mobile radio tele- 
phone capable of informing a mobile caller of an accrued 
telephone call charge. 

Known mobile radio telephones receive telephone 
call charge information sent from a base station after the 
mobile caller terminates the telephone call. Thus, the 
mobile radio telephone confirms the telephone call 
charge shown on a display only after termination of the 
call. 

However, the conventional mobile radio telephone 
has a problem in that the mobile caller can not keep track 
of the accrued telephone call charge during the call, be- 
cause the telephone call charge is displayed only after 
the termination of the call. 

In order to solve above-mentioned problem, for ex- 
ample, Japanese patent laid-open No. S63-244963 (ref- 
erence 1 ) of October 23, 1 988 discloses a telephone us- 
ing an alarm sound instead of a display of information 
when a speaking time specified by a user expires. 

Further, Japanese patent laid-open No. H4-1 68864 
(reference 2) of June 17, 1997 discloses a traditional 
wire-based telephone system in which each extension 
telephone sounds an alarm sound when a telephone call 
charge specified by a caller, e.g., 100 yen, is accrued. 
The charge is calculated by a central telephone ex- 
change, to which each extension telephone is connect- 
ed by wire. 

However, the telephone disclosed in reference 1 
can inform the mobile caller only of elapsed speaking 
time. Thus, it is impossible to provide telephone call 
charge information. 

Further, the traditional wire-based telephone sys- 
tem disclosed in reference 2 is, however, complicated 
because the central telephone exchange of the tele- 
phone system provides the telephone call charge. 
Clearly, this system does not suit a mobile radio tele- 
phone. Moreover, if the alarm sound is generated every 
time a telephone call is made, it is offensive to the caller 
who does not care about the telephone call charge. 

Embodiments of the present invention provide a 
mobile radio telephone capable of providing telephone 
call charge information to a mobile telephone caller. 

Embodiments of the present invention also provide 
a mobile radio telephone capable of confirming whether 
the charge notification system is ON or OFF before start- 
ing a telephone call. 

According to the present invention, there is provid- 
ed a mobile radio telephone including a receiving circuit 
for receiving information concerning telephone calling 
charge from a base station, and a calculation circuit for 
calculating a telephone call charge based on the re- 
ceived information. Mobile radio telephones embodying 
the invention may also include a memory for storing a 
predetermined threshold charge, indicating start of 
charge notification, and a charge notification circuit for 



performing charge notification if the calculated tele- 
phone call charge is equal to or exceeds said predeter- 
mined threshold charge. 

Embodiments of the mobile radio telephone of the 
s present invention may include a control circuit for decid- 
ing whether the charge notification is performed or not. 

With above-mentioned arrangement, a mobile call- 
er selects whether the charge notification is performed 
or not before starting a tele- phone call, a threshold 
to charge for performing the charge notification is specified 
if the charge notification is selected, and the charge no- 
tification is performed when the telephone call charge 
calculated by the mobile radio telephone itself is equal 
to or exceeds the threshold charge specified by the mo- 
is bile caller after starting the telephone call. 

Embodiments of the invention will now be described 
with reference to the accompanying drawings, in which: 

Fig. 1 is a block diagram showing the function of the 
20 mobile radio telephone in accordance with a pre- 
ferred embodiment of the present invention; 
Fig. 2 is a block diagram showing the function of the 
radio circuit of the mobile radio telephone illustrated 
in Fig. 1; 

25 Fig. 3 is a block diagram showing the function of the 
controller of the mobile radio telephone illustrated 
in Fig. 1 ; 

Fig. 4 is a flowchart for explaining the operation of a 
calculation of the telephone call charge; 
30 Fig. 5 is a front view showing the mobile radio tele- 
phone illustrated in Fig. 1 ; 
Fig. 6 is a front view showing the key pad portion 
illustrated in Fig. 1; 

Fig. 7 (a)-Fig. 7(f) are views of the display, illustrated 
35 in Fig. 1 , for explaining a manner of setting charge 
notification and threshold charge; and 
Fig. 8 is a flowchart for explaining the operation of 
the mobile radio telephone illustrated in Fig. 1 . 

40 tn Fig. 1 , an antenna 1 outputs a received signal 
from a base station (not shown) to a radio circuit 2. The 
radio circuit 2 amplifies, demodulates and channel de- 
codes the received signal from the antenna 1 and out- 
puts a received control signal to a controller 6 when the 
45 received signal is a control signal. The radio circuit 2 
also outputs a received voice signal to a voice codec 3 
when the received signal is voice signal. On the other 
hand, when transmitting a signal, the radio circuit 2 
channel encodes, modulates and amplifies a transmit- 
so ting control signal from the controller 6 and outputs a 
transmitting signal to the antenna 1 . The radio circuit 2 
also channel codes, modulates, and amplifies a trans- 
mitting voice signal from voice codec 3 and outputs the 
transmitting signal to the antenna 1. The antenna 1 
55 transmits the transmitting signal from the radio circuit 2 
to the base station. The voice codec 3 voice decodes 
the received voice signal from the radio circuit 2 and out- 
puts voice to a speaker 5. The voice codec 3 also voice 
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codes voice from a microphone 4 and outputs the trans- 
mitting voice signal to the radio circuit 2. A mobile caller 
communicates with a counterpart by hearing voice from 
the speaker 5 and speaking into the microphone 5. 

A keypad portion 11 , operated by the mobile caller, 
outputs to the controller 6 a notification setting signal 
which indicates whether charge notification should be 
performed or not. The keypad portion 11 also outputs to 
the controller 6 a threshold charge signal indicating the 
lowest accrued charge at which to begin charge notifi- 
cation. 

The controller 6 controls a display driver 7 for mak- 
ing a display 8 indicate that charge notification is set 
when charge notification is ordered by the notification 
setting signal from the keypad portion 11 . The controller 

6 calculates telephone call charges based on a credit 
signal, a time rate signal, and a unit charge signal, which 
are included in the received control signal from the radio 
circuit 2. When the calculated charge is equal to the 
threshold charge entered using the keypad portion 11, 
the controller 6 controls an alarm generation driver 9 for 
making an alarm generator 10 perform charge notifica- 
tion, e.g., an sound. 

In Fig. 2, a transmit/receive circuit 21 amplifies the 
received signal from the antenna 1 and supplies an am- 
plified signal to a modulate/demodulate circuit 22. The 
modulate/demodulate circuit 22 demodulates the ampli- 
fied signal from the transmit/receive circuit 21 and out- 
puts the demodulated signal to a channel codec 23. The 
channel codec 23 channel decodes the demodulated 
signal from the modulate/demodulate circuit 22 and out- 
puts the received control signal to the controller 6 when 
the demodulated signal is the control signal. The chan- 
nel codec 23 also outputs the received voice signal to 
the voice codec 3 when the demodulated signal is the 
voice signal. On the other hand, when transmitting a sig- 
nal, the channel codec 23 channel codes the transmit- 
ting control signal from the controller 6 and the transmit- 
ting voice signal from the voice codec 3 and supplies a 
channel coded signal to the modulate/demodulate cir- 
cuit 22. The modulate/demodulate circuit 22 modulates 
the channel coded signal from the channel codec 23 and 
supplies a modulated signal to the transmit/receive cir- 
cuit 21. The transmit/receive circuit 21 amplifies the 
modulated signal from the transmit/receive circuit 22 
and outputs the transmitting signal to the antenna 1 . 

In Fig. 3, the controller 6 includes a CPU 61 , a no- 
tification setting register 62, a charge rate register 63, a 
threshold charge register 64, a ROM 65 and a timer/ 
counter 66. The CPU 61 may consist of an integrated 
circuit "V20" or "78K4". 

The CPU 61 receives the notification setting signal 
from the keypad portion 11 when the mobile caller op- 
erates the key pad portion 11 , and stores the notification 
setting signal in a notification setting register 62. After 
storing the signal, the CPU 61 controls a display driver 

7 which causes a display 8 to indicate that charge noti- 
fication is set if charge notification is desired. Further, 



the CPU 61 controls the display driver 7 to remove the 
indication from the display 8 if charge notification is not 
desired. 

The CPU 61 also receive the threshold charge sig- 

5 nal from the keypad portion 11 as input by the mobile 
caller and stores the threshold charge signal to a thresh- 
old charge register 64. 

The CPU 61 further receives the received control 
signal from the channel codec 23 and detects the time 

10 rate signal, the unit charge signal, and the credit signal 
contained in the CONN signal of the received control 
signal. The CONN signal is prescribed in Japanese mo- 
bile radio phone standard "RCR-STANDARD 27". The 
time rate signal, the unit charge signal, and the credit 

75 signal are used for calculating the telephone call charge 
when charge notification is desired by the mobile caller. 
In this embodiment, the following two calculation man- 
ners are described as examples and these will be ex- 
plained with respect to Fig. 4. 

20 in the first method, the base station transmits the 
time rate signal to the mobile radio phone and the CPU 
61 detects the time rate signal (YES at STEP S101 of 
Fig. 4). The detected time rate signal shows the tele- 
phone call charge per second and is stored in a charge 

2S rate register 63. When a telephone call starts, that is , 
the CPU 63 detects the ALERT signal from the received 
control signal from the channel codec 23 or when the 
CPU 61 outputs the transmitting control signal contain- 
ing the CONN ACK signal to the channel codec 23 (the 

30 ALERT and the CONN ACK signals also are prescribed 
in Japanese mobile radio phone standard "RCR- 
STANDARD 27'*), the CPU 61 makes a timer/counter 66 
start to count elapsed time in seconds (S1 02). The CPU 
61 calculates the telephone call charge using the follow- 

35 in g equation (S 103): 

telephone call charge = time ratax elapsed time. 

40 in the second method, the base station transmits 
the credit signal and a unit charge signal to the mobile 
radio phone but does not transmit the time rate signal. 
The CPU 61 detects the credit signal and the un it charge 
signal but does not detect the time rate signal (NO at 

45 STEP S101). The detected unit charge signal is trans- 
mitted from the base station when the telephone call 
charge reaches a predetermined charge, e.g., $1. The 
detected credit signal represents the predetermined 
charge by which the telephone call charge is increment- 

so ed upon each transmitted unit charge signal, e.g., $1, 
and it is stored in a charge rate register 63. When the 
telephone call starts, the CPU 61 waits to detect the unit 
charge signal. When the signal is detected, the CPU 61 
increments the timer/counter 66 upon each reception of 

55 the unit charge signal (S104). The CPU 61 calculates 
telephone call charge by the following equation (S105) : 
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telephone call charge = timer/counter value x unit charge 



While processing the calculation, the CPU 61 also 
determines whether or not the calculated charge is 
equal to or greater than the threshold charge stored in 
threshold charge register 64. If so, the CPU 61 activates 
an alarm generation driver 9 for making an alarm gen- 
erator 10 perform charge notification. The CPU 61 de- 
activates the alarm generation driver 9 to turn off charge 
notification when any of the ten keys of the key pad por- 
tion 11 is operated by the mobile caller. 

The ROM 62 stores a program to be executed by 
the CPU 61. 

In Fig. 5, the mobile caller operates the key pad por- 
tion while viewing the display 8. A symbol "$" 81 indi- 
cates that charge information is set. 

In Fig. 6, the key pad portion 11 has a START key 
for starting a telephone call, a REDIAL key for redialing 
the previously dialled number, an END key for terminat- 
ing a telephone call, a FUNCTION key 111 for perform- 
ing several functions, a MEMORY key 115 for making 
the register 62 and 64 store the signal, and a CALL key 
for setting the mobile radio telephone off-hook or on- 
hook. The key pad portion 11 also has a POWER key 
for the power supply, a CLEAR key for correction of let- 
ters displayed on the display 8, ten keys from "0° to "9" 
and control keys "*" and "#". 

In Figs. 7, in order to enter a "charge notification 
mode", first of all, the mobile caller pushes the FUNC- 
TION 111 and the keys "1" (reference number 114) and 
"3" (reference number 112). The key pad portion 11, in 
response to this operation, generates the notification 
setting mode starting signal (referred to as "starting sig- 
nal") and supplies the starting signal to the CPU 61 . The 
CPU 61 receives the starting signal from the key pad 
portion 11 and causes the display B to output "CHARGE 
NOTIFICATION" as shown in Fig. 7(a). If the mobile call- 
er desires the mobile radio telephone to perform charge 
notification, he pushes the key "1 " 1 1 4 to answer "YES" 
displayed on the display 8. If he does not desire charge 
notification, he pushes the key "0" 11 3 to answer "NO". 
When the key "0" 11 3 is pushed, the key pad portion 11 
outputs the notification setting signal, indicating that 
charge notification is not to be performed, to the CPU 
61 , which the CPU 61 stores in the register 62. Further, 
the CPU 61 makes the display 8 to indicate "CALL OFF 
CHARGE NOTIFICATION" as shown in Fig. 7(b) and if 
the mobile caller pushes any of the ten keys after the 
display shown in Fig. 7(b), notification setting mode is 
ended. 

On the other hand, when the key "1 " 1 1 4 is selected 
at the stage of the display shown in Fig. 7(a), the key 
pad portion 11 outputs the notification setting signal, in- 
dicating that charge notification is to be performed, to 



the CPU 61 , which the CPU 61 stores in the register 62. 
Further, the CPU 61 makes the display 8 indicate 
THRESHOLD CHARGE" as shown in Fig. 7(c). After 
that, the mobile caller pushes, e.g., key "5" in order to 

s decide the threshold charge $5 as shown as Fig. 7(d), 
and further presses MEMORY 115, when the threshold 
value is entered. The key pad portion 11 , in response to 
pushing MEMORY 114, outputs the threshold charge 
signal indicating that the threshold charge is $ 5 to the 

10 CPU 61. The CPU 61 stores the signal in the register 
64 and makes the display 8 indicate THRESHOLD 
CHARGE SET UP" as shown in Fig. 7(e). Finally, the 
mobile caller pushes any of the keys to terminate the 
"charge notification setting mode" and display 11 dis- 

is ptays the symbol "$" 81 , date "04/1 3 (Tue)" and time "12: 
00" as shown in Fig 7(f). 

In Fig. 8, the mobile caller selects whether or not to 
enable charge notification (S201). If the answer is YES 
in step S201, the mobile caller then determines the 

20 threshold charge (S202). After that, CPU 61 determines, 
based on the state of the notification setting register 62, 
that the mobile caller is informed of the telephone call 
charge by charge notification, and the display driver 7 
is directed to display a symbol indicating that notification 

25 is set, "$" on the display 8 (S203). By displaying this 
symbol, the mobile caller is notified whether the mobile 
radio telephone performs charge notification or not. 

During a telephone call (S205), the CPU 61 starts 
the telephone call charge calculation (S206) and no 

30 charge notification is generated (S208 to S205) while 
the calculated telephone call charge is less than the 
threshold charge. The alarm driver 7 is driven to perform 
charge notification, e.g., generate the alarm sound from 
alarm generator 10 (S209), when the calculated charge 

35 is equal to or above the threshold charge(S208). The 
alarm generator 10 stops output of the alarm sound 
(S211) when the mobile caller pushes any of the keys 
of the key pad portion 11 while the alarm is sounding 
(S210). 

40 |f none of the keys is pressed in the step S210, the 
alarm sound is continuously generated for a predeter- 
mined time (S210 - S205 - S206 - S207 - S208 -S209). 

Also, termination of the call (S205) will stop output 
of the alarm sound (S212), ending the call procedure 

45 (END). 

It is to be noted that the threshold charge can be 
maintained in the threshold charge register 64 until 
charge notification is canceled or threshold charge is re- 
set. 

50 The following further describes the process by 
which the alarm sound is generated when the telephone 
call charge reaches, e.g. $5, In order to output the alarm 
sound, notification using the alarm sound is selected 
(S201), and the threshold charge is set to $5 (S202). 

55 Once the charge is set, "$" is shown on the display 8 
(S203). Since a telephone call is not normally made dur- 
ing charge setting, this process is then terminated 
(END). 
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After entering the communication mode (S205), cal- 
culation of the telephone call charge begins (S206-S207 

- S208 - S209 -...). When the telephone call charge 
reaches at least $5 (S208), the alarm sound is output 
(S210). In order to stop generation of the alarm sound 
during conversation over the telephone, the mobile call- 
er may press any of the keys (S2 1 0 - S21 1 - S21 5 - S21 6 

- S2 1 7 - S2 1 5 . . . ). The alarm sound can be also stopped 
by terminating the call (S205 to S212). 

In order to disable the alarm for the next call, the 
mobile caller operates the key pad 11 and the notifica- 
tion setting register 62 stores the notification setting sig- 
nal indicating that the alarm sound is not to be generated 
during the telephone call. In this case, the symbol "$" is 
removed from the display 8 (S1 to S204 and S21 2). 

According to the embodiments of the present inven- 
tion, since the mobile caller himself/herself can set the 
telephone call charge of the mobile radio telephone in 
order to be made aware of the telephone call charge by 
charge notification, e.g., output of the alarm sound when 
the telephone call charge exceeds the set amount of 
money, cost savings can be achieved. 

Further, according to the present invention, the abil- 
ity to turn ON/OFF the alarm sound before starting a tel- 
ephone call or confirmation of the current set state is 
possible so as not to automatically produce the alarm 
sound output every time a call is made, which may an- 
noy to the mobile caller who does not care about the 
telephone call charge. The mobile radio telephone ac- 
cording to the present invention is therefore suitable for 
both types of caller, i.e., those who care about the tele- 
phone call charge and those who do not. 

Sequentially, a description will be given of another 
embodiment of the present invention. 

In this embodiment, the mobile radio telephone 
transmits a charge rate telephone indicating signal (re- 
ferred to as indicating signal) to the base station if the 
mobile caller desires the mobile telephone to perform 
charge notification. 

The register 62, in response to the operation of the 
key pad portion 11 by the mobile caller, stores the noti- 
fication setting signal, which indicates that the mobile 
radio telephone should perform charge notification, if 
the mobile caller desires that. The CPU 61 supplies the 
transmitting control signal including SETUP signal, 
which is prescribed in Japanese mobile radio phone 
standard "RCR-STANDARD 27" to the channel codec 
23 when the mobile radio telephone goes to the hand- 
off state, if the stored notification setting signal indicates 
that the mobile radio phone should perform charge no- 
tification. The SETUP signal having the indicating signal 
is transmitted from the antenna 1 as the transmitting sig- 
nal, which is supplied from transmit/receive circuit 21 
through the modulate/ demodulate circuit 22 and chan- 
nel codec 23, to the base station. 

In response to the reception of the transmitting sig- 
nal, the base station transmits the time rate signal or the 
credit signal and the unit charge signal to the mobile ra- 



diotelephone. Thus, the mobile radio telephone can cal- 
culate the telephone call charge and judge if the calcu- 
lated charge is equal to the threshold charge or not. 
However, the base station does not transmit the time 

s rate signal or the credit signal and the unit charge signal 
to the mobile radio telephone, if the indicating signal of 
the SETUP signal contained in the transmitting signal 
from the mobile radio telephone does not indicate that 
charge notification should be performed. As described 

10 above, in this embodiment, since the base station does 
not transmit the time rate signal or the credit signal and 
the unit charge signal to the mobile radio telephone, if 
the charge notification is not to be performed, the mobile 
radiotelephone calculates the telephone call charge on- 

*5 ly when the mobile caller desires that, thus, current con- 
sumption of the mobile radio phone will be reduced. 

In the above described embodiments, the explana- 
tion of the present invention is based on the mobile radio 
telephone standard "RCR-STANDARD 27", however, 

20 the present invention is not limited to or by this standard. 
Also, the above-mentioned embodiments are de- 
scribed using a mobile radio telephone, however, the 
present invention is similarly applicable to an automo- 
bile telephone or a portable radio phone. 

25 Obviously, numerous additional modifications and 
variations of the present invention are possible in light 
of the above teachings, it is, therefore, to be understood 
that within the scope of the appended claims, the inven- 
tion may be practiced otherwise than as specifically de- 

30 scribed herein. 



Claims 

35 1. A radio telephone comprising: 

a receiving circuit for receiving information con- 
cerning telephone calling charges from a base 
station; 

40 a calculation circuit for calculating a telephone 

call charge based on the received information; 
a memory for storing a predetermined thresh- 
old charge indicating a minimum call charge for 
charge notification; and 

45 a charge notification circuit for performing said 

charge notification when the calculated tele- 
phone call charge is at least as much as said 
predetermined threshold charge. 

50 2. The radio telephone claimed in claim 1 , further com- 
prising: 

a charge notification control circuit for estab- 
lishing whether said charge notification is per- 
formed or not. 

55 

3. The radio telephone claimed in claim 2, further com- 
prising: 

a display (8) for displaying a symbol indicating 
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said predetermined telephone call charge rate; 
a counter for counting time of reception of said 
credit signal; 

a calculation circuit for calculating said tele- 
5 phone call charge by multiplying said counted 

time by said predetermined telephone call 
charge rate; 

a memory for storing a predetermined thresh- 
old charge; and 
10 a charge notification circuit for performing 

charge notification if the calculated telephone 
call charge is at least equal to said predeter- 
mined threshold charge. 

is 10. A radio telephone comprising: 



that said charge notification is to be performed 
when said charge notification control circuit estab- 
lishes that said charge notification is to be per- 
formed. 

4. The radio telephone claimed in claim 2 or claim 3, 
wherein said charge notification control circuit com- 
prises: 

a plurality of keys, operated by user operating 
the radio telephone, for deciding whether said 
charge notification is to be performed or not; 
and 

a register (62) for storing a result of said charge 
notification decision. 

5. The radio telephone claimed in any preceding 
claim, wherein said charge notification circuit com- 
prises an alarm generator (10) for generating an 
alarm sound. 20 

6. The radio telephone claimed in any preceding 
claim, further comprising a presetting circuit for pre- 
setting said threshold charge stored in said memo- 
ry. 25 

7. The radio telephone claimed in claim 6, wherein 
said presetting circuit comprises: 



a receiving circuit for receiving information con- 
cerning telephone calling charges from a base 
station; 

a calculation circuit for calculating a telephone 
charge based on the received information; and 
notification means for notifying telephone 
charge information relating to the calculated 
telephone charge. 



a plurality of keys (111,112,114,115) operable 30 
by a user operating the radio telephone: and 
a rewrite circuit for rewriting said threshold 
charge stored in said memory based on the op- 
eration of said plurality of keys. 

35 

8. A radio telephone comprising: 

a receiving circuit for receiving a time rate sig- 
nal indicating a telephone call charge rate per 
predetermined time period; 40 
a timer for measuring a duration of a telephone 
call; 

a calculation circuit for calculating said tele- 
phone call charge by multiplying said telephone 
call duration by said call charge rate; « 
a memory for storing a predetermined thresh- 
old charge; and 

a charge notification circuit for performing 
charge notification if the calculated telephone 
call charge is at least equal to said predeter- 50 
mined threshold charge. 

9. A radio telephone comprising: 

a receiving circuit for receiving a unit charge 55 
signal indicating a predetermined telephone 
call charge rate and credit signal transmitted 
each time a telephone call charge is equal to 
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